Introduction: Calcific aortic valve disease, a chronic progressive disorder, is the leading cause of valve replacement among elderly patients. The lymphocyte/monocyte ratio has been recently put forward as an inflammatory marker of relevance in several cancers as well as in cardiovascular disease. This study aims to assess the correlation between severity of calcific aortic stenosis and the lymphocyte/monocyte ratio. Methods: The study retrospectively included 178 patients with a diagnosis of calcific aortic stenosis and 139 age-and gender-matched controls. The patients were divided into two groups according to the severity of aortic stenosis: mild-to-moderate and severe. Results: An inverse correlation was discerned between the severity of the aortic stenosis process (mean gradient) and the lymphocyte/monocyte ratio (r=-0.232, p=0.002). The lymphocyte/monocyte ratio was observed to decrease as the severity of aortic stenosis increased (p<0.001) in the group with severe aortic stenosis compared with the mild-to-moderate aortic stenosis and control groups (p<0.001, p=0.005 respectively), and in the group with mild-tomoderate aortic stenosis compared with the control group (p=0.003). Multivariate regression analysis revealed that the lymphocyte/monocyte ratio was independently related to the severity of calcific aortic stenosis (p=0.003).
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Estenose aórtica calcificada e a sua correlação com um novo marcador inflamatório: a relação linfócito/monócito Introduction Calcific aortic stenosis (CAS), an ever-increasing public health problem among elderly patients, is the leading cause of valve replacement within this age group. 1, 2 The pathological process of the disease involves aortic valve thickening (sclerosis) along with fibrosis and calcification. Inflammation plays an important role in the development and progression of both aortic sclerosis and calcification. 3, 4 This is reinforced by the observation that interventions that decrease exposure to inflammation have the potential to alleviate progressive stenosis in the aortic valve. 4 Therefore, the identification of inflammatory markers implicated in CAS can potentially be helpful in assessing the progression as well as the severity of the disease. A previous study reported the relationship between severity of CAS and the neutrophil/lymphocyte ratio (NLR), which is an inflammatory marker calculated from blood count parameters. 5 Several studies have shown that the lymphocyte/monocyte ratio (LMR) is a convenient and useful marker for systemic inflammation in different malignancies and that it is closely associated with disease prognosis. 6 ---8 A recent study reported that LMR is related to in-stent restenosis and another study proposed that LMR could serve as an indicator for mortality in heart failure. 9, 10 This study is aimed at investigating the relationship between the severity of aortic stenosis and LMR in the specific case of CAS, which is a disease closely associated with inflammation.
Methods
This study retrospectively included 178 patients diagnosed with CAS between April 2012 and January 2016 along with 139 age-and gender-matched controls. The control group were chosen from cardiology outpatients without prior cardiovascular disease history who were admitted for a general check-up or with atypical and/or non-cardiac complaints. Among these, individuals who underwent treadmill exercise tests and/or myocardial perfusion scintigraphy with negative test results were recruited as controls. Patients with CAS were investigated for mean aortic gradient as assessed by transthoracic echocardiography and the results were used to divide the patient pool into two groups according to disease severity: mild-to-moderate (111 patients) and severe (67 patients).
The exclusion criteria for both patient and control groups were: presence of congenital or rheumatic aortic valve disease; pre-existing diagnosis or suspicion of coronary artery disease (positive stress tests for coronary artery disease and/or any chest pain considered to be angina); left ventricular dysfunction; atrial fibrillation; hemodynamically significant arrhythmia; severe stenosis or regurgitation in other heart valves; active or chronic infection; systemic inflammatory or allergic disease; and presence of renal, hepatic or hematologic disease. Patients whose clinical, laboratory or echocardiographic data were not available on medical databases used in the study were also excluded.
Patients' clinical and demographic data and laboratory results relevant to the study were obtained from the hospital information management system as well as patient files. Routine biochemical blood tests, lipid panel and complete blood counts were evaluated for the purpose of this study. The control group of the study consisted of 139 ageand gender-matched individuals who were confirmed not to have significant valve disease and/or cardiac dysfunction following echocardiographic evaluation. The patients were evaluated in terms of age, gender, smoking status, and presence of hyperlipidemia or diabetes mellitus. The medications used by the patients were assessed. The LMR was calculated by dividing the number of lymphocytes by the number of monocytes in the peripheral blood count and the NLR by dividing the number of neutrophils by the number of lymphocytes. The study was conducted following approval by the hospital ethics committee.
Echocardiographic evaluation was performed using a Philips iE33 ultrasound system (Andover, MA, USA) and a 2.5-5 MHz transducer. Parasternal long-and short-axis and apical views were used for imaging and taking measurements required for the study. Aortic jet velocity was estimated using Doppler echocardiography. Mild aortic stenosis was defined as mean transaortic pressure gradient less than 25 mmHg or aortic jet velocity between 2.0 and 3.0 m/s, moderate aortic stenosis as a gradient between 25 and 40 mmHg or aortic jet velocity between 3.0 and 4.0 m/s, and severe aortic stenosis as a gradient greater than 40 mmHg or aortic jet velocity greater than 4.0 m/s. All echocardiographic evaluations were performed by an experienced cardiologist.
Statistical analysis
Statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as medians and standard deviation, and categorical variables as percentages. The normal distribution of the data was tested with the Kolmogorov-Smirnov test. For comparison of categorical variables, Pearson's chi-square and Fisher's exact tests were used as appropriate. When two groups were present, the Student's t test was used to compare data with normal distribution, while the Mann-Whitney U test was used to compare data with non-normal distribution. When three groups were present, a one-way ANOVA 
Results
The study, which comprised 345 317 participants in total, included 67 patients with severe CAS, 111 with mild-tomoderate CAS, and 139 without CAS as control subjects. The patient characteristics and laboratory findings pertinent to the study are summarized in Table 1 . There were no notable differences between the groups in terms of age, gender, presence of diabetes mellitus, presence of hypertension, or smoking status (p>0.05 for each). Total white blood cell count and neutrophil, lymphocyte, and monocyte counts were significantly different between groups (p=0.025, p<0.001, p<0.001, and p<0.001, respectively). In the group with severe aortic stenosis, the NLR was significantly higher and the LMR was significantly lower compared to the two other groups (p<0.001 for both). In the group with mild-to-moderate aortic stenosis, the NLR was significantly higher and the LMR was significantly lower in comparison to the control group (p=0.005 and p=0.014, respectively). Lipid profile parameters, creatinine, and hemoglobin values were comparable between the three groups (p>0.05 for each). There were no differences in terms of the use of angiotensin-converting enzyme or angiotensin II receptor blockers, beta-blockers, diuretics, calcium channel blockers, antidiabetics and statins (p>0.05 for each). Echocardiographic findings are summarized in Table 2 . As expected, mean aortic pressure gradient was higher in patients with severe CAS than in those with mildto-moderate aortic stenosis. There was no significant difference observed between the three groups with regard to ejection fraction (p>0.05); however, left ventricular enddiastolic diameter, left ventricular end-systolic diameter (LVESD), and left atrial wall and interventricular septal thicknesses were different in each of the three groups. In terms of left atrial diameter and LVESD, post-hoc analysis revealed no significant differences between patients with severe aortic stenosis and patients with mild-tomoderate stenosis (p>0.05 for both). Correlation analysis demonstrated a negative correlation between LMR and mean aortic pressure gradient (r=-0.232, p=0.002). Linear regression analysis, performed in order to identify independent variables related to the mean gradient in severe aortic stenosis, revealed increased NLR and decreased LMR as factors that were independently related to the severity of aortic stenosis (p=0.028 and p=0.003, respectively; Table 3 ).
Discussion
Our findings suggest that LMR is associated with and can be used as a predictor for the severity of CAS. To the best of our knowledge, this study is the first of its kind to assess the relationship between LMR and severity of CAS. CAS and atherosclerosis are similar in many respects. As in atherosclerosis, the pathophysiology of CAS includes chronic inflammation, lipoprotein accumulation, fibrosis, and calcification. 11, 12 Valvular endothelial injury resulting from increased mechanical stress and decreased shear stress triggers lipid penetration and accumulation, while lipid accumulation and oxidation induce inflammation. 1 Inflammatory cells including monocytes, macrophages, and lymphocytes accumulate in the injured tissue, secrete various pro-inflammatory cytokines and induce a series of pathological processes resulting in valvular fibrosis and calcification. 1, 11, 13 Some studies indicate that lymphocyte count was associated with a poor cardiovascular outcome and that a decreased lymphocyte level was an independent risk factor for coronary artery disease. 14, 15 Moreover, others have revealed that patients with CAS have lower numbers of lymphocytes compared to those without. 16 Similarly, in the development of atherosclerosis, monocytes that reach the target tissue transform into macrophages and remove noxious molecules such as low-density lipoprotein (LDL). 17 Monocytes were shown to be independent and important indicators of plaque formation and progression in atherosclerosis 18 ; they have also been shown to play an important role in the development of atherosclerotic plaques by secreting pro-inflammatory cytokines such as platelet-derived growth factor, interleukin 1, and interleukin 6. 17 Additionally, elevated monocyte levels were shown to be associated with increased risk for coronary artery disease. 19 As mentioned above, inflammation plays a pivotal role in the development of both coronary artery disease and CAS. Previous studies have shown that markers of systemic inflammation are also associated with atherosclerosis and coronary artery calcification. 20, 21 Similarly, several reports in the literature suggest that systemic inflammation is closely associated with CAS and that certain inflammatory markers have the potential to serve as predictors for the severity, progression, and prognosis of CAS. 22 It has been shown that the NLR, which was recently demonstrated to be a marker of systemic inflammation, could also be correlated with the severity of the aortic stenosis process in patients diagnosed with CAS. 23, 24 Recently, a large body of evidence has suggested that the LMR, as well as being a marker of inflammation, can function as a useful prognostic marker in cancer patients. 23, 25 Other recent studies have also demonstrated that the LMR, as an indicator of increased inflammatory status, is associated with several cardiovascular diseases. Murat et al. observed that the LMR was inversely related to the development of in-stent restenosis. 9 A study on patients with peripheral arterial disease reported that decreased LMR was closely associated with critical limb ischemia and other vascular endpoints. 26 Another study, on patients hospitalized for cardiac failure and then discharged, showed that decreased LMR was related to increased risk for six-month mortality. 10 Although it is difficult to say whether reduced LMR is a cause or a consequence of CAS, data from the present study clearly reveal that the LMR is significantly decreased with greater severity of aortic stenosis and is an independent indicator for the severity of the aortic stenosis process. Considering the relationship between inflammation and aortic stenosis, the results of our study are similar to those in previous reports.
Aortic calcification has been shown to share the same risk factors as atherosclerosis, which suggests a potential benefit from statin therapy. But it has been demonstrated that the LDL cholesterol-lowering effect of statins does not significantly reduce AS progression. 27 There were no significant differences in terms of LDL values between groups in our study.
Although inflammation plays a pivotal role in the generation and progression of CAS, many other factors such as lipid accumulation, lipoprotein oxidation, matrix metalloproteinase activity, and local production of proteins like osteopontin (involved in tissue calcification) may also contribute to this process. 1,28---30 In addition, genetic predisposition has recently been put forward as a risk factor for CAS. 31 Considering the multifactorial and complex pathophysiology of CAS, inflammation and inflammatory markers may play a relatively limited role in this process. This may explain why the correlation that we found between the level of CAS severity and the LMR is relatively weak.
Limitations
The study suffered from certain limitations that need to be highlighted, including the fact that it was an observational, retrospective and single-center study. In addition, the absence of comparison between the LMR and other inflammatory markers such as C-reactive protein, and inadequate follow-up of clinical events, should also be mentioned.
Conclusions
In conclusion, in accordance with the aforementioned studies, inflammatory status, as indicated by the LMR, may be associated with CAS. A simple parameter that is easy to compute, LMR, by virtue of its relation with inflammation, has tremendous potential as a marker for predicting the severity of CAS.
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